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DETAILED ACTION 
Election/Restrictions 
1 . Applicant's election with traverse of Group II, Claims 1-16, drawn to a method of 
forming an interconnect structure in the reply filed on 1 1/21/2005 is acknowledged. The 
traversal is on the ground(s) that both Groups I and II are one and the same, and they 
do not fit the criteria for restriction. This is not found persuasive because as stated 
within the restriction requirement, "inventions are distinct if either or both of the following 
can be shown: (1) that the process as claimed can be used to make other and 
materially different product or (2) that the product as claimed can be made by another 
and materially different process (MPEP § 806.05(f))." In this application, the examiner 
restricted the product claims from the process claims on the grounds that "the product 
as claimed can be made by another and materially different process such as a process 
wherein device is made by depositing a dielectric layer and etching trenches therein, but 
the device could be made by selectively depositing the dielectric layer to have the 
trenches formed therein," and that, as a result, a restriction was necessary. 

In addition to one way distinctiveness, an explanation was provided in the 
restriction requirement. Specifically, in addition to being distinct, the examiner indicated 
that restriction is proper because the product claims and the process claims "have 
acquired a separate status in the art." 

The criteria of distinctness and burdensomeness have been met, as 
demonstrated hereinabove. Accordingly, the restriction requirement in this application 
is still deemed proper and is therefore made FINAL. 
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2. Claims 17-20 are withdrawn from further consideration pursuant to 37 CFR 
1.142(b), as being drawn to a nonelected invention, there being no allowable generic or 
linking claim. Applicant timely traversed the restriction (election) requirement in the reply 
filed on 11/21/2005. 



Information Disclosure Statement 

3. The information disclosure statement (IDS) submitted on 8/27/2004 was filed 
after the mailing date of the invention on 8/27/2004. The submission is in compliance 
with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is 
being considered by the examiner. 



Claim Rejections - 35 USC § 102 

4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

(e) the invention was described in (1) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351(a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 

5. Claims 1-3, 5, 7, 1 1 and 13-16 are rejected under 35 U.S.C. 102(e) as being 



anticipated by Hu et al. (US 6,660,627 B2). 
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Re claim 1, Hu discloses a method of forming an interconnect structure 
comprising the steps of: 

depositing a dielectric layer (38); 

forming a hard mask over the dielectric material (40); 

etching trenches (44) in the dielectric material; 

depositing a liner material (46) over the hard mask (40) and within the trenches 
(50); and 

overfilling the trenches (44) with a conductive material (48); 
characterized by: 

performing a first chemical mechanical polishing process to remove conductive 
material (48) which is atop the liner (46), thereby exposing the liner (46); (Note: Fig. 2D) 

removing that portion of the liner (46) which is atop the hard mask (40); (Note: 
Fig. 2E) 

removing a first portion of the hard mask (42) using a wet etch process, thereby 
leaving in place a second portion of the hard mask (40); and (Note: Fig. 2F) 

performing a touch-up polishing process to remove conductive material and liner 
material protruding from the trenches. (Note: Col. 3, Line 41- Col. 4, Line 60) 

Re claim 2, pertaining to claim 1 above, Hu discloses the dielectric layer 
comprising a low-k material. (Note: Col 3, Lines 4-5) 

Re claim 3, pertaining to claim 1 above, Hu discloses the dielectric layer 
comprising an ultra low-k material. (Note: Col 3, Lines 4-5) 
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Re claim 5, pertaining to claim 1 above, Hu discloses the conductive material 
comprising copper. (Note: Col 3, Lines 37-40) 

Re claim 7, pertaining to claim 1 above, Hu discloses the portion of the liner, 
which is atop the hard mask is removed by a second chemical mechanical polishing 
process. (Note: Col 4, Lines 19-35) 

Re claim 1 1 , pertaining to claim 1 above, Hu discloses the second portion of the 
hard mask comprising a silicon carbide (SiC) material. 

Re claim 13, pertaining to claim 1 above, Hu discloses the touch-up polishing 
process using an abrasive-free or low-abrasive polish to obtain a very high selectivity 
between the conductive material and the second portion of the hard mask. (Note: Col 4, 
Lines 36-59) 

Re claim 14, Hu discloses the method of forming an interconnect structure 
comprising the steps of: 

depositing a dielectric material (38); 
forming a hard mask over the dielectric material (40); 
etching trenches in the dielectric material (44); and 
overfilling the trenches with a conductive material (44); 
characterized by: 

performing a first chemical mechanical polishing step; 
then, performing a wet etch step; and 

then, performing a second chemical mechanical polishing step. (Note: Col 3, 
Lines 4-5) 
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Re claim 15, pertaining to claim 14 above, Hu discloses at least a portion of the 
hard mask is substantially intact. (Note: Fig. 2F) 

Re claim 16, pertaining to claim 14 above, Morrow discloses the portion of the 
hard mask, which is left substantially intact, comprises a silicon carbide SiC material. 
(Note: Fig 2F) 

Claim Rejections - 35 USC § 103 

6. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth In section 102 of this title, If the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

7. Claims 4, 8-10 and 12 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Hu et al. (US 6,660,627 B2), as applied in Paragraph 5 above, and in 
view of Morrow (US 6.872,666 B2). 

Re claim 4, as applied to claim 1 in Paragraph 5 above, Hu discloses all the 
claimed limitations including a silicon carbide or oxide hard mask. 

However, Hu does not specifically disclose, wherein, the hard mask comprises: a 
layer of silicon carbide material atop the dielectric layer, and a layer of oxide atop the 
layer of silicon carbide. 

Morrow discloses the method of making a damascene interconnect using a dual 
hard mask comprising a: a layer of silicon carbide material atop the dielectric layer 
(103), and a layer of oxide (108) atop the layer of silicon carbide (109). (Note: Col 3. 
Lines 1-26) 
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Both Hu and Morrow teachings are directed to fabricating a interconnect forming 
a dual mask. Therefore, the teachings of Hu and Morrow are analogous. 

Therefore, it would have been obvious to one having ordinary skill in the art at 
the time of applicant(s) claimed invention was made to provide the Hu reference with a 
dual hard mask of a layer of silicon carbide material atop the dielectric layer, and a layer 
of oxide atop the layer of silicon carbide as taught by Morrow in order to form an 
interconnect because the dual hard mask enables different portions of dielectric layer. 
(Note: Col 3, Line 4- Line7) 

Re claim 8, as applied to claim 1 in Paragraph 5 above, Hu discloses all 
the claimed limitations including a silicon carbide or oxide hard mask. 

However, Hu does not specifically disclose, wherein, the hard mask comprises: a 
layer of silicon carbide material atop the dielectric layer, and a layer of oxide atop the 
layer of silicon carbide. 

Morrow discloses the method of making a damascene interconnect using a dual 
hard mask comprising a: a layer of silicon carbide material atop the dielectric layer 
(103), and a layer of oxide (108) atop the layer of silicon carbide (109). (Note: Col 3, 
Lines 1-26) 

Both Hu and Morrow teachings are directed to fabricating a interconnect forming 
a dual mask. Therefore, the teachings of Hu and Morrow are analogous. 

Therefore, it would have been obvious to one having ordinary skill in the art at 
the time of applicant(s) claimed invention was made to provide the Hu reference with a 
dual hard mask of a layer of silicon carbide material atop the dielectric layer, and a layer 
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of oxide atop the layer of silicon carbide as taught by Morrow in order to form an 
interconnect because the dual hard mask enables different portions of dielectric layer. 
(Note: Col 3. Line 4- Line?) 

Re claim 9, as applied to claim 8 in the paragraph above, Hu discloses ensuring 
that the oxide portion of the hard mask is thick enough such that the topographical 
variations after the first chemical mechanical polishing process and liner removal are 
entirely within the oxide portion of the hard mask. (Note: Fig. 2) 

Re claim 10, as applied to claim 8 in the paragraph above, Hu discloses an oxide 
with a thickness smaller than 1000 Angstrom. 

Re claim 12, as applied to claim 1 in Paragraph 5 above, Hu discloses all 
the claimed limitations including a silicon carbide or oxide hard mask. 

However, Hu does not specifically disclose, wherein, the hard mask comprises: a 
layer of silicon carbide material atop the dielectric layer, and a layer of oxide atop the 
layer of silicon carbide. 

Morrow discloses the method of making a damascene interconnect using a dual 
hard mask comprising a: a layer of silicon carbide material atop the dielectric layer 
(103), and a layer of oxide (108) atop the layer of silicon carbide (109). (Note: Col 3, 
Lines 1-26) 

Both Hu and Morrow teachings are directed to fabricating a interconnect forming 
a dual mask. Therefore, the teachings of Hu and Morrow are analogous. 

Therefore, it would have been obvious to one having ordinary skill in the art at 
the time of applicant(s) claimed invention was made to provide the Hu reference with a 
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dual hard mask of a layer of silicon carbide material atop the dielectric layer, and a layer 
of oxide atop the layer of silicon carbide as taught by Morrow in order to form an 
interconnect because the dual hard mask enables different portions of dielectric layer. 
(Note: Col 3, Line 4- Line?) 

8. Claim 16 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hu et al. 
(US 6,660,627 B2), as applied in Paragraph 5 above, and in view of Allen et al. 
"Substrate Smoothing Using Gas Cluster Ion Beam Processing." 

Re claim 6, as applied to claim 1 in Paragraph 5 above, Hu discloses all the 
claimed limitations. 

However, Hu does not specifically disclose, wherein the portion of the liner which 
is atop the hard mask is removed by a reactive ion etch (RIE) or a Gas Cluster Ion 
Beam (GCIB) process. 

Allen discloses the method of using a gas cluster ion beam for surface 
smoothing. (Note: Abstract) 

Both Hu and Allen teachings are directed to the smoothing of a substrate with 
chemical metal polishing and gas cluster ion beam, respectively. Therefore, the 
teachings of Hu and Allen are analogous. 

Therefore, it would have been obvious to one having ordinary skill in the art at 
the time of applicant(s) claimed invention was made to provide the Hu reference with 
the gas cluster ion beam processing as taught by Allen in order to obtain thin films with 
smooth, atomic layer control of the surface finish with the occurrence of sub-surface 
damage. (Note: Col 1, Lines 1-3) 
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Correspondence 



9. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Phillip S. Green whose telephone number is (571) 272- 
7024. The examiner can normally be reached on Monday thru Thursday 8:30 am to 
6:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Matthew Smith can be reached on (571) 272-1907. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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